Introduction
Results of sensory acceptance tests are traditionally analyzed by examining the frequency distribution of hedonic ratings obtained for each sample or by means of analysis of variance (REIS; MINIM, 2010; VARELA et al., 2010; VASCONCELOS et al., 2013; NG; CHAYA; HORT, 2013) . Another way to analyze this type of data is using multivariate internal preference maps (MDPREF) of the samples (MACFIE; THOMSON, 1988; SALES et al., 2008; REIS et al., 2010; SILVA et al., 2012) . However, many alternative methods can be used to study important relationships between sensory acceptance and the influence on consumers' behavior of nonsensory characteristics of food such as brand, price, and origin. Among those methods is ordered probit regression, which was originally proposed by Aitchison and Silvey (1957) to model categorical response data. This analysis allows the estimation of P (Y = K | Xb) the probability of obtaining category K of the hedonic response Y in terms of the predictor or independent variables of interest.
While ordered probit regression is typically used in food science and technology research (DURY et al., 2002; LIN; JENSEN; YEN, 2005; VALLI; TRAILL, 2005; VERBEKE, 2005; VERBEKE; WARD, 2006; ANGULO; GIL, 2007; AKBAY; TIRYAKI; GUL, 2007; LOBB; MAZZOCCHI; TRAILL, 2007; NAES et al., 2013) to analyze questionnaires and surveys containing questions with categorized and sorted answers, relatively few studies have used ordered probit regression to analyze data obtained of sensory affective tests (SCHECHTER, 2010; XUE et al., 2010) or, as in the current study, data of sensory acceptance tests. Ordered probit regression analysis appears to have an important application in sensory and behavioral studies, and it is a promising alternative to help elucidating and interpreting the influence of non-sensory characteristics on consumer acceptance. In this analysis, the results are presented in a clear way, and their interpretation is more direct than that of other methods used for this type of data. Therefore, this technique was used to study the influence of brand name of eight different commercial brands of beer on sensory acceptance by consumers.
Materials and methods

Brands of beer
Eight Brazilian Pilsen beer brands were used in this experiment. Rather than using the real names of the brands in this study, their names were coded using the first eight letters of the alphabet, A through H. The choice of the brands was made based on three criteria: 1) According to DataFolha Institute of Statistical Survey:
concerning the brands with the highest and lowest rates of responses when consumers were ranking brands of beer;
2) Inclusion of a brand recently launched in the national market, brand H, which has been an interesting object of research to determine the influence of an unfamiliar brand on consumers' acceptance of beers; and Della Lucia et al.
The values of m k , for k = 1, 2,.., K-1 (K = 9 categories) are denominated threshold parameters.
The ordered probit regression model used in this study is (DELLA LUCIA et al., 2010a) :
where, I 1i and I 2i are indicator variables (dummy variables) for the i-th brand of beer and the test with information for the i-th brand, respectively, that is: The intercept was set equal to zero (b 0 = 0), m 1 = 0 (threshold parameter), and σ = 1 (standard deviation), as implemented on SAS (Statistical Analysis System) program and explained in Jackman (2000) : restrictions in order to make the model identifiable.
Therefore, for the i-th brand of beer,
is the estimated response for the blind test and
is the estimated response for the test with information. Hence, testing H 0 = b 2i = 0 is equivalent to testing the effect of the i-th informed brand in the acceptance test.
The estimation of the regression coefficients b 1i and b 2i and the values of m k , which are achieved by maximum likelihood (L) (as discussed below), must be done in order to adjust the model (1) that allows estimation of probabilities associated to each hedonic score, as follows (DELLA LUCIA et al., 2010a) :
where, Ф represents the accumulated probability in the standardized normal distribution. For all the other categories (j = 2,3,...,m-1), there is:
The estimation of the threshold parameters (m) and the regression coefficients (b) are done by means of iterative numerical methods. If we admit y i observations as independent and define Ф i0 = 0 and Ф im = 1, thus (2) defines a general expression which allows us to write the joint probability function of the sample, or the likelihood (L) function, ( )
which the log-likelihood function is,
according to Jackman (2000) ,
∑∑ where
Acceptance tests
This study was registered under number 50703155996 -Research Committee -Federal University of Viçosa, and it was conducted according to technical and ethical standards.
The sensory analysis team of panelists was composed of 101 recruited volunteers including students and staff members of the Federal University of Viçosa (UFV), along with residents of the city of Viçosa, Minas Gerais State, Brazil. The prerequisites for participating in the study were that the individual habitually consumed beer and showed an interest in participating in all test sessions. It is important to mention that the selected sample did not necessarily represent the population of Brazilian consumers of beer, but rather aided in the study of non-sensory characteristics which influence consumer acceptance and enabled us to demonstrate the use of ordered probit regression to analyze data of studies such as this.
The acceptance tests were carried out in two sessions in the Laboratory of Sensory Analysis of the UFV with intervals of at least eight hours between sessions to avoid sensory fatigue of the consumers. In the first session (blind test), the consumers tasted 40 mL beer samples served in acrylic cups, without prior knowledge regarding the brand of the beer being evaluated. In the second session (test with information), the acceptance of the beer samples was evaluated, and their respective containers, 350 mL aluminum cans, were showed to the panelists. The consumers were asked to judge the sample with particular attention to the fact that each drink was taken from the package presented to them (DELLA LUCIA et al., 2010a, b) .
Evaluations were carried out in individual cabins under white light, and in each session, the beer samples were served in a random and monadic way at refrigeration temperature ranging from 6 °C to 8 °C (CAPORALE; MONTELEONE, 2004) . A sensory evaluation form was provided for each sample, on which the consumers were required to indicate their acceptance of the product on a nine-point hedonic scale, in which "extremely liked" corresponded to score 9 and "extremely disliked" corresponded to score 1 (REIS; MINIM, 2010).
The results were evaluated by means of ordered probit regression analysis, as described below.
Ordered probit regression
The objective of this analysis was to estimate the probability of each score attributed by the consumers as a function of the brand for the two types of tests (blind test and test with brand information).
Let Y mct be the score attributed to the m-th brand of beer by the c-th consumer in the t-th test.
Considering m = 1, 2,..., 8 brands of beer, c = 1, 2, ...., 101 consumers, and t = 1, 2 for the blind test and the test with information.
In order to simplify, let us consider Y mct = Y n , with n= 1, 2, ..., 1616 and let us also consider The maximization is conducted through iterative numerical methods such as the modified Newton-Raphson algorithm implemented in the Statistical Analysis System (SAS), system version 9.1 (SAS Institute Inc., Cary, NC, USA). Therefore, the ordered probit regression method enables the estimation of probabilities for all nine categories of hedonic scores, both for the blind test and for the brand information test. The effect of the brand names on consumers' acceptance can therefore be directly inferred.
The statistical analyses were implemented with the SAS, licensed for usage at UFV.
Results
The null hypotheses H 0 : b 1i = 0 and H 0 : b 2i = 0 for each brand were tested using the Wald test. The quality of the adjusted model was evaluated by the likelihood ratio test. The result was not significant (p = 1.0), indicating that the model was appropriate to represent the data. The estimated regression coefficient and its significance are shown in Table 1 .
Of all estimated coefficients, only 2 β , representing brand E, was not significant, which shows that this brand name did not influence the evaluation of the sample during the information test. The negative sign for the 2 β coefficients of the brands A, F, G, and H indicate the negative effect of these brand names in the information test. An opposite pattern was observed for brands B, C, and D, with positive estimated values for b 2 thus showing a positive influence on consumers' acceptance in brand information test.
For the eight brands of beer, the probabilities of obtaining the nine hedonic scores for the blind and information tests were also estimated. The graphs of estimated probabilities and the observed frequencies of the hedonic scores on both types of tests, for the eight evaluated brands, are shown in Figure 1. 
Discussion
According to Figure 1 , it is interesting to notice the point at which the inversion between the two trend lines occurs, representing the probabilities of the hedonic scores for the blind tests and the tests with information (DELLA LUCIA et al., 2010a) . The line shown on the upper position of the graph corresponds to the highest probabilities. Therefore, to interpret these graphs, it is necessary to verify the region in which the scores (lowest ones: 1 to 5 or highest ones: 6 to 9) occur with the greatest probabilities for both the blind test and the test with information. For beer C, for example, when considering the hedonic terms "extremely disliked" to "liked moderately", the estimated probabilities of obtaining hedonic scores in the blind test overcame the probability of the scores in the test with information. In other words, in the blind test, the probability of these scores appear in consumers' evaluation was always higher than in the tests with information. The highest estimated probability achieved by brand C, in the blind test, was for the hedonic term "liked moderately" (P = 0.250). For more extreme hedonic terms ("liked a lot" and "extremely liked"), however, the response was the opposite. The probability of occurrence of -value>0.05) these scores was higher in the test with the brand information, proving that this beer received greater frequency of acceptance score (higher probability) when the brand name was known. The term "liked a lot", for instance, reached its greatest probability of occurrence in the test with information (P = 0.352).
Della Lucia et al. ranging from 0.251 (brand F) to 0.257 (brand H). Beer brand A showed the maximum estimated probability for the term "like a lot" in the blind session (P = 0.279), compared to a value of P = 0.185, for the same term, in the test with information. This corroborates the fact that such brands achieved greater acceptance less frequently during their evaluations when the brands were informed, i.e., the brand names had a negative effect on consumers' acceptance.
Della Lucia et al. (2010b) conducted a study under the same conditions of those used in the present study and involving the same eight brands of beer. They used descriptive statistics with frequency distributions and paired comparison t-test as data analysis methods, which have already been established in the literature as adequate methods to analyze the influence of nonsensory characteristics on consumer acceptance. The results found by those authors were similar to the results of the present study: samples corresponding to brands B, C, and D positively influenced consumer evaluation; brands A, F, G, and H had a negative effect on the participants. For brand E, the results suggested that the brand itself did not influence consumers' evaluation, but other factors associated with it must have caused an increase in its acceptance.
Resano, Sanjuán and Albisu (2007) carried out similar sensory tests to those conducted in this research in order to investigate the influence of the brand, the origin, and the quality certificate on the acceptance of Spanish ham. Their results indicated that brand was not a factor which affected the acceptance of consumers. While the results in the Spanish study contradicted those obtained in the evaluation of beer, other studies confirm our findings of the influence of brand names on the consumers' evaluation (VARELA et al., 2010; DI MONACO et al., 2003 DELLA LUCIA et al., 2006) .
Conclusions
Using ordered probit regression, it was found that the estimated probabilities for the highest hedonic scores of the scale were higher for the beer brands B, C, and D in the test with the brand information, indicating a positive effect on acceptance of the participants in the research study. In the case of beers A, F, G, and H, the probability of occurrence of more extreme hedonic terms was greater in the blind test, indicating a negative influence of the brand name on consumer evaluation. As for beer E, based on the estimated probabilities for the hedonic scores in both sensory tests, it did not greatly influence the evaluation by consumers.
The results of this study using ordered probit regression were similar to those reported in the literature in a study with the same eight beer brands. The differences between these two studies indicate small differences caused by the different analysis methods used and their peculiar characteristics. This demonstrates that the use of ordered probit regression analysis was efficient in the analysis of data of the effect of non-sensory characteristics on consumers' evaluation.
Ordered probit regression proved useful in studies that associate sensory evaluation and consumer behavior making it possible to obtain the modeling of probabilities of occurrence Nevertheless, in the blind test, its probability was 0.221, a value lower than the hedonic score previously mentioned.
The same pattern was observed for beer D. The maximum value of probability was for the term "liked a lot", in the test with the brand information (P = 0.325), which was higher than the value obtained for the same term in the blind test (P = 0.218). The least achieved probability was reached for the term "extremely disliked" (P = 0.003) in the test with information; the same term in the blind test, had a probability value of 0.011; that is, the probability of obtaining a minimum score in the hedonic scale was greater in the blind test.
Similar data were obtained for brand B. The difference in this case was that there was a greater discrepancy between the probability of occurrence of the higher scores than "like moderately" between the tests with information and the blind one, i.e., the probability of obtaining high hedonic scores for brand B in the test with information was much greater than in the blind test. For the term "liked a lot", the probability of occurrence was 0.314 for the test with information, against 0.158 in the blind test, i.e. the probability of consumers that liked beer B a lot was approximately twice greater than that when its brand name was provided in the sensory analysis, demonstrating the considerable influence that this brand name has over consumers' acceptance.
In conclusion, beers B, C, and D had a positive effect on acceptance of the drink.
For brand E, the probability of occurrence of the hedonic scores was similar on both tests. The estimate of probability for terms more extreme than "slightly liked" was the opposite between the two tests. In this case, however, the probability of obtaining high scores was slightly lower in the test with information, suggesting a negative influence of the brand name in the sensory evaluation. For the term "extremely liked", for example, the estimated probability in the blind test was 0.064, against the value 0.040 obtained in the test with information. Since the probabilities of obtaining the hedonic scores were close in both situations during the evaluation of the samples, it could be concluded that although there was some negative influence on acceptance of the beverage, brand name should not be considered a factor of great influence in the evaluation of consumers of the beer E.
Brands A, F, G, and H had graphs with a similar pattern among themselves and opposite to those observed for brands B, C, and D. The estimated probabilities of obtaining the hedonic scores in the test with information overcame the probabilities in the blind test with regard to the hedonic terms "extremely disliked" and "slightly liked". The probability of occurrence of the minimum hedonic scale score, although presenting low absolute values, was always higher in the test with information, ranging from 0.005, for brand A, to 0.009, for brand G. In the case of more extreme hedonic terms ("moderately liked" to extremely liked"), however, the response was the opposite. The probability of occurrence of such scores was higher in the blind test. The maximum estimated probability for brands F, G, and H in the blind test was for the hedonic term "liked moderately", of the nine hedonic scores for different beer brands in blind and information tests. This technique is an alternative data analysis that has been only rarely explored in the sensory acceptance field. The results of this technique provide a direct, clear visualization of hedonic scores of sensory acceptance that is easily understood and conclusive, and which provides interesting insights into the effect of non-sensory characteristics on consumers' behavior, thereby justifying its usage in the sensory analysis of food.
